Abstract
Introduction

46
The number of overweight individuals is increasing, leading to a global obesity epidemic [1, 2] . This is of concern because obesity is a major contributor in the development
Measurements of energy balance by CLAMS
148
The parameters for energy balance were measured by a Comprehensive Laboratory 149 Animal Monitoring System.
150
The animals were acclimatized to the Comprehensive Laboratory Animal Monitoring 151 System (CLAMS; Columbus Instruments International, Columbus, OH USA) for 24 h before 152 data collection. At data collection the animals were kept in CLAMS for 48 h and data from 153 the last 24 h were used for analysis. Before CLAMS the animals were habituated to their 154 normal food as powder for three days, as the food in CLAMS is in powder form. The animals 155 were placed in CLAMS when the body weight had reached a plateau. This is defined by less 156 than 5% weight loss or gain over a period of 7 days or more. The DIO rats and mice were 157 placed in CLAMS at 35 and 11 weeks of age, respectively, together with their respective 158 control groups. GB and control rats were placed in CLAMS 3 weeks post-surgery, while 159 M3KO and WT mice were 6, 11 and 15 months old when placed in CLAMS.
160
Animals were placed in CLAMS with free access to standard powder food (RM1 High-resolution feeding data was generated by monitoring all feeder balances every 0.5 165 seconds. The end of an eating event (meal) was determined when the balances were stable for 166 more than 10 seconds and a minimum of 0.05 g of food were eaten. An air sample was 
Measurement of body composition
182
Body composition was determined for DIO rats and mice, and respective control 183 groups, using dual energy X-ray absorptiometry (DXA) with small animal software (Hologic 184 QDR 4500A, Hologic Inc., Bedford, MA, USA). Total bone area (cm 2 ), total fat mass (g) and 185 total fat-free mass (g) were measured, and total mass (g), lean percentage (%) and fat 186 percentage (%) were calculated. DXA was performed under anaesthesia (isoflurane).
188
In situ hybridization
189
Brain samples were taken at euthanization and snap-frozen in isopentane on dry ice 
Statistical analysis
208
The results are expressed as means ± SEM. Statistical comparisons were performed 209 using two-sided independent t-test between the groups, and paired t-test was used for 
Results
221
Diet-induced obese rats
222
The increase of body weight reached the plateau 28 weeks after starting high-fat diet 223 feeding (33 weeks of age). DIO rats were 25% heavier than age-matched and normal diet 224 (ND) controls at the plateau (p=0.001) (Fig. 1a, Supplementary Table S1 ).
225
At 35 weeks of age, the rats were placed in CLAMS, and we found calorie intake was 226 higher during dark phase than light phase in both ND (p<0.001) and DIO (p<0.001) rats 227 indicating a good sensitivity of CLAMS. Calorie intake was slightly higher in DIO rats than 228 ND rats during light phase (p=0.039), but not significantly different during the dark phase 229 (p=0.083) (Fig. 1b) . EE was higher during dark phase than light phase in ND rats (p<0.001).
230
However, there were no differences between ND and DIO rats during light phase (p=0.917),
231
but there was a trend for lower EE in DIO rats during dark phase (p=0.068) (Fig. 1c) . RER 232 was higher during dark phase than light phase in control rats (p<0.001). In comparison with 233 ND rats, DIO rats had a lower RER during both light-and dark-phase (p=0.008 and <0.001, 234 respectively) (Fig. 1d) . Body composition analysis showed that total body mass (p<0.001) and 235 surface area (p<0.001), fat mass (p<0.001, U test) and fat percentage (p<0.001) were higher, 236 whereas the lean percentage (p<0.001) (but not lean mass (p=0.657, U test)) was lower in 237 DIO than ND rats (Fig. S1 ).
239
Diet-induced obese mice
240
The increase of body weight reached the plateau 6 weeks after starting high-fat diet 241 feeding (11 weeks of age). DIO mice were 23% heavier than age-matched and normal diet 242 controls at the plateau (p<0.001) (Fig. 2a, Supplementary Table S2 ).
243
At the plateau of body weight, the mice were placed in CLAMS. We found that calorie 244 intake was higher during dark phase than light phase particularly in ND mice (p<0.001).
245
There was no difference in calorie intake between DIO and ND mice neither during light 246 phase (p=0.326) nor during dark phase (p=0.943) (Fig. 2b) . EE was higher during dark phase 247 than light phase in both ND (p<0.001) and DIO (p<0.001) mice, suggesting higher active EE.
248
There was no difference in the EE during light phase (p=0.274), but DIO had lower EE than ND during dark phase (p=0.043) (Fig. 2c) . RER was higher during dark phase than light 250 phase in both ND (p=0.001) and DIO (p=0.008) mice. In comparison with ND mice, DIO 251 mice had a lower RER only during dark phase (p=0.003) (Fig. 2d) . Body composition 252 analysis showed that total body mass (p<0.001) and surface (p=0.004), and fat mass (p<0.001,
253
U test) and percentage (p<0.001) were higher, whereas the lean mass (p=0.020) and 254 percentage (p<0.001) were lower in DIO than ND mice (Fig. S2) .
256
Gastric bypassed rats 257 GB-induced body weight loss reached the plateau, i.e., 15% weight loss, 2 weeks after 258 surgery (p<0.001) (Fig. 3a, Supplementary Table S3 ), and 3 weeks post-surgery, the rats were 259 placed in CLAMS. Calorie intake was higher during dark phase than light phase in both sham-operated and GB rats (p=0.001 and 0.003, respectively). There was no difference in 261 calorie intake between the two groups neither during light phase nor during dark phase 262 (p=0.289 and 0.870, respectively) (Fig. 3b) . EE was higher in GB rats than sham-operated rats 263 during dark phase (p=0.033) (Fig. 3c) . RER was higher during dark phase than light phase in 264 both sham-and GB-operated group (p=0.001 and 0.008, respectively). There was no 265 difference in RER between groups either during dark-or light-phase (p=0.389 and 0.516, 266 respectively) (Fig. 3d) .
267
268
M3KO mice
269
At the birth, the body weight did not differ between M3KO and WT mice [29] . At 2 270 months of age there was a trend for lower body weight in M3KO than WT mice (p=0.065).
271
The mice was placed in CLAMS at 6, 11 and 15 months of age, and M3KO mice weighed 272 significantly less than WT mice at all time-points (p<0.001, 0.001 and 0.001, respectively).
273
There was no significant difference in body weight between 6, 11, and 15 months of age (6 274 vs. 11: p=0.599, 6 vs. 15: p=0.514 and 11 vs 15: p=0.292) (Fig. 4a) . Both M3KO and WT respectively) and more so in M3KO mice (p=0.022, 0.004 and <0.001, respectively). There 278 were no differences in calorie intake between WT and M3KO mice at all time points 279 examined, except light phase at 6 months where calorie intake was lower in M3KO compared 280 to WT, (p=0.010) and dark phase at 15 months of age where calorie intake was unexpectedly 281 higher in M3KO than WT mice ( p=0.034) (Fig. 4b) 0.001, respectively) ( Fig.4c, d ).
286
In comparison with age-matched WT mice, the M3KO mice had higher mRNA The results of the present study using 4 different animal models have demonstrated a 295 common phenotype, i.e. steady-state energy balance at the plateau of body weight 296 development. EE was measured during light-and dark-phases separately to indicate basal and 297 active metabolic rates, respectively. Interestingly, the basal metabolic rate was unchanged in 298 both obese rats and mice compared to normal chow-fed controls, but the active metabolic rate 299 seemed to be reduced significantly in mice and non-significantly in rats (probably due to the 300 sample size). The results also showed a higher RER in dark phase than light phase during the 301 steady-state energy balance, indicating a higher oxidative capacity of the muscle for the 302 provision of energy in the dark phase [34] . Furthermore, the obese rats had a low RER during 303 both light-and dark-phases, suggesting a lower muscle's oxidative capacity.
304
These results may help us to explain what we often see in clinic, i.e., the large 305 variability in individual responses to weight loss interventions in patients could be because 306 the differences in the time frame over which a steady-state energy balance establishes 307 between individuals. This is in line with a recent study showing that the longer it took to reach 308 a steady state following GB surgery, the greater the weight loss was. In addition, the majority 309 of patients undergoing GB surgery did not lose significant weight after reaching steady state AgRP gene expression, in normal rats and mice fed either with high-fat diet or low-energy 315 dense diet for long period, indicative of a compensation to defend the body weight changes [19, 20, 21, 22] . Previously, we and others have shown that GB-induced weight loss in rats 317 was not due to decreased calorie intake, but due to an increase in EE [23, 24, 25, 26, 27 
